. We rearrows). Despite these defects in the trunk level, the port that the gene disrupted in zebrafish you mutants, expression of nk2.2 in the anterior regions from the brain in which Hh signaling is impaired, encodes the seto the level of the yolk extension was nearly normal creted matrix protein Scube2. Consistently, epistasis (arrowhead in Figure 1H ). This is in marked contrast to analyses suggested that Figure 2C and Figure S2 ). MO produced a you-like downregulation of the Hh target These domains are found in a group of secreted matrix genes, nk2.2, en1, and ptc1 ( Figure 2D and Table S1 ).
and Figure S2 ). MO produced a you-like downregulation of the Hh target These domains are found in a group of secreted matrix genes, nk2.2, en1, and ptc1 ( Figure 2D and Table S1 ).
proteins in combination with CUB and/or EGF-like doWe also observed that myoD expression was downregumains (see Pfam website). There are nonsense mutalated in the adaxial cells at the five-somite stage by tions at the N-terminal end of the GCC2/3 domains in scube2-MO (data not shown). Conversely, the injection the ty97 and tz310 alleles of you mutants and within the of wild-type scube2 mRNA into you mutant embryos fifth EGF-like repeat in the rw87 allele ( Figure 2C ). The effectively rescued the expression of Hh target genes Scube2 protein encoded on the rw87 allele has only 207 ( Figure 2E and Table S2 ). Accordingly, these results supamino acids corresponding to 4 EGF-like domains and port that scube2 is the responsible gene disrupted in is therefore likely to be a null allele. Accordingly, the you mutants and further suggest that the respective you ty97 allele, which has the same phenotype as the rw87 mutations are null or hypomorphic alleles.
alleles, may also be a null allele, suggesting that the Importantly, we did not see any dominant effect of GCC2/3 and CUB domains are essential for Scube2 Scube2 overexpressed in you mutants ( Figure 2E ). This function. was further confirmed by injecting a large amount of We next examined whether the you mutations affect scube2 mRNA (200 pg) into wild-type embryos. The emthe distribution of Scube2 protein in cultured cells. Westbryos injected with wild-type scube2 mRNA had a norern blot analysis of Scube2 proteins expressed in mal morphology and normal expression of nk2.2, en1, HEK293T cells showed that the wild-type and the trunand ptc1 (pictures not shown; Table S3 ). Similarly, the cated (ty97 allele) Scube2 proteins are secreted into the injection of mRNA encoding the truncated Scube2 proculture media at a similar efficiency ( Figure 3A ), whereas tein (rw87 allele) did not have any effect in wild-type the shortest Scube2 mutant protein (rw87 allele) is only embryos (Table S3 ). These results suggest that the secreted at very low levels ( Figure 3A ). In addition, both Scube2 protein is an essential, but a permissive, regulathe wild-type and ty97 Scube2 proteins appear to have tor of Hh signaling in zebrafish embryos.
been processed into smaller-molecular weight forms before being secreted ( Figure 3A not evident (Figures S1 and S4 ). Because loss of Scube2 To minimize any early effect on ectodermal patterning, function may extend the effective range of Bmp signalwe used MO specifically targeted to the zygotic radar/ ing, but not enhance the maximum level of action at the gdf6a mRNA, but not to the maternal radar/gdf6a mRNA most dorsal region ( Figures 4L and 4M) , the dorsal and [28]. Injection of radar-MO into embryos led to a draintermediate regions of the neural tube may be less matic restoration of en1 and nk2.2 expression in you susceptible than the ventral region in you mutant emmutants ( Figure 4A and Table S4 ). In the wild-type sibbryos. In addition, it is also possible that other signals lings, injection of radar-MO induced a slight expansion and/or the regulatory networks of transcription factors of en1 expression in the somites in comparison with during later neural tube development could compensate normal embryos (Figure 4C ), suggesting that reduced the neural tube patterning. Bmp signaling may upregulate Hh signaling. Injection of bmp4-MO gave similar but less efficient rescue of nk2.2 expression ( Figure 4D and Table S4 ). Furthermore, Scube2 Attenuates the Activity of Bmps To test the possible influence of Scube2 on Bmp activity, radar-MO also rescued en1 expression in yot/gli2 mutants but showed less efficient rescue in the severer Hh we coexpressed scube2 with various doses of radar/ gdf6a in embryos and examined the well-characterized mutant, smu/smo ( Figures 4E and 4G and Table S4 ). Previous study in zebrafish has shown that a cell in the radar/gdf6a mRNA dose-dependent ventralization phe-notype [28, 30] . This assay was predicted to be able to we cannot completely rule out the possibility that Scube2 could affect Hh ligands by interacting with such detect even small fluctuations in Radar/Gdf6a. Coinjection of wild-type scube2 mRNA with radar/gdf6a mRNA molecules ( Figure 4P ). These putative interacting molecules need to be identified and characterized to reveal led to a significant attenuation of the ventralization phenotype ( Figure 4N ). The truncated rw87 Scube2 protein the exact mechanism of Scube2 action. did not affect the Radar/Gdf6a-dependent ventralization, indicating this was a specific action of Scube2. which embryos were injected with mRNA of the Bmp antagonist, Noggin, to reduce endogenous Bmp activity.
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